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CC ' sample

(arbitrary POT)

@ Major background to the CCQE for the
MiniBooNE experiment

o—weighted N

Resonant and coherent st* production

Rein-Sehgal model of resonance
excitations with M ,=1.1GeV
[Annals of Physics, 133, 79 (1981)]

Rein-Sehgal model for coherent xt*
production with M,=1.03 GeV
[Nucl. Phys. B223, 29, (1983)]
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58 Rescale to reproduce MiniBooNE NCst°
J. Nowak results (PLB 664, 1,2008)




MiniBooNE Results for CCit?

5.68E20 proton-on-target about 46k CCrt* events

In the CCt* sample we see a
discrepancy between data and
predictions (presented at
Nulnto7z by B.Fleming)

— RS, M =1.1GeV|

The same phenomenon has been
previously seen by the K2K

peaec | g < K2K, PRL 95, 252301 (2005))
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List of necessary improvements

Muon mass in resonace excitation model
@ Muon mass included only in the leptonic current —-KLN model
[Kuzminj Lyubushkinand INaumoy, Phys. Part. Nucl. 35, S133 (2004)]

@ Improving the KLN model by adding the pion-pole terms — BRS model
[Berger-and Sehgal; Phys. Rev. D 76,113004 (2007)]

Muon mass in coherent w* production is introduced by applying the Adler’s
screening factor. [D. Rein and L. M. Sehgal, Phys. Lett. B 657, 207 (2007) |

New vector form factor [O. Lalakulich and E. A. Paschos, Phys. Rev. D 71, 074003
(2005)]

List of possible improvements

New axial vector form factor

Need to be determined
Hernandez et al. [Phys. Rev. D 76, 033005 (2007)] Form neutrino interaction

Lalakulich et al. [Phys. Rev. D 74, 014009 (2006)]
Graczyk and Sobczyk [ Phys.Rev.D77:053001,2008 ]
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Muon mass effectin Rein-Sehgal Model

Three partial cross section corresponding
[uZUL +v2og + 2uvos] to left-handed, right-handed and scalar
polarization of intermediate boson

do Gy KQ’
dQ*dW? — 8mMy |q|2

With muon mass partial cross sections depend on

The helicity £33 LR

by
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Coherent production

@ The muon mass effect in coherent
production is taken into account applying
the Adler’s screening factor

do [D. Rein and L. M. Sehgal, Phys. Lett. B 657,207 (2007) ]
dxdydt

Multiply by Adler’s
screening factor

’ 1 Q12m'n Q2_ 12m'n
e

The change in overall CCrt?
i ", 005 01 015 02 025 03
Production is small, but it is channel 97: generated Q*(GeV")

Included in all following results
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Improvements — vector form factor

%@ The relationship between vector form factor in the Rein-Sehgal
model and the Rarita-Schwinger form factors from Graczyk and
Sobczyk, Phys.Rev.D77:053001,2008

Form factor from O. Lalakulich et al., Phys. Rev. D 74, 014009
(2006)
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Muon mass and new vector form factor

* DATA " * DATA

RS, MA=1.1GoV - RS, M‘=1 1GeV
——— BRS (muon mass efect) [ —— BRS (muon mass efect)
—— BRS with new G, [ - BRS with new G,
——— coherent production [

The best we can do using extension of RS models

and data from electron scattering
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*Dipole form of axial form

factor in RS model

CA
che) =-=2

Cg (QZ) =0,

Hernandez et al. C£(0) = 0.867, Ma = 0.985GeV:

2\ 2 2\ !
c2 = cA ) (1+Q—) (1+Q—)
5o M3 3M3

Graczyk and Sobczyk vl CA(0) = 1.2, ma, = 0.54GeV2:
2\ —2
c =) (1 - Q—)

Mg

Graczyk and Sobczyk v2 C2(0) = 0.88, ma = 9,71GeV2, my = 0.35GeV 2

-2 -1
ct = c0) (1 - Q—2> (1 - Q—z)
Mg my

Lalkulich et al. v1, CA(0) = 1.2, My = 1.1GeV:

-2 -1
c = cd) (1+%) (1+2Q—2)
A

Lalakulich et al., v2 CA(0) = 1.2, M4 = 1.1GeV:

2\ 2 2\ !
cA=cA(0)(1+Q—) (1+ @ )
N M3 3M3
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*The Adler model assumed

From Graczyk and Sobczyk the
for of the axial form factor

w2 - M?

Ga(0) = — (1

Two parameters: C#,(0) and axial mass M,

axial form factor
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Rein-Sehgal

Graczyk and Sobczyk v1
Graczyk and Sobczyk v2 --eeeeee

Hernandez etal.
Lalakulich v1
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New axial vector form factor

All with BRS and new GV

DATA
RS, M =11 GeV [ * DATA

ot ol RS, IIA=1-IGeV
Lalkulich st. al ——— Hernandez st. al

———— Graczyk and Sobczyk :2 _ Graczyk and Sobczyk v1

Graczyk and Sobczyk v2
Preliminary

Preliminary
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J. Nowak

Conclusions

Charged current v* production models were extended to
include the mass of charged lepton in final state.

Vector form factor was updated using fit from electron
scattering.

All above changes improved our agreement with data.

A number of the existing parameterizations of axial
vector form factor were investigated but none of them is
significantly better then our model with modifications.

We will fit a general form of the the axial vector form
factor to our high statistic data.
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J.Nowak80 Scientists in 16 institutions

Main goal: check LSND results for different
systematic.

The same L/E.
®  LSND: 30m/50MeV,
@ MB: about 540m / 8o0MeV.

Detector: 12m diameter sphere filled with
~800 t of mineral oil. 1280 inner phototubes
and 240 veto phototubes.

MiniBooNE detector gives a opportunity of

studying neutrino cross section with high
statistics
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Event selection
87/ purity and 12% efficiency

Veto hits < 6 (cosmic muons)

Tank hits for 15t subevent> 200 -
removes Michel electrons

Three subevents cut, muon and 2
Michel electrons, reduces the
background.

vup — ppmt
vun — poaimt

v, A —pu7wtA

‘ 0
vyn — pumpwY

Else
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Close Michel
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Muon mass effect

For model with introduced final lepton mass partial cross sections depend on the helicity A

do _GQFCOSOC _(22 A2 (A) A2 (A) A\ 2 (A)
dQ2dW? ~ 8x2My "Jaf? é[(%) or + (k) ok’ + (3) o (80)

(-) (=) (=)

where in the limit of massless lepton in the final state (m; — 0), ¢p ' — u, ¢’ — v, cg ' — 2uv

and C(L+})2 g—0.
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The neutrino scattering in the forward direction is described by the Adler PCAC theorem [19]. The

inelastic charged current reaction

vy +A—pu +F (112)

where A is a nucleus and F denotes an inelastic channel, the cross section, neglecting the muon mass,
is

( do ) G2MEf,,(1 _y)o(nt + A — F) (113)
d.'l:dy PCAC w2 E.=Ey

where r = Q?/2mv and the y = v/E, and v again is the energy transfer and E the neutrino energy.

The pion decay constant has the value f; = 0.93m,. The extrapolation of the PCAC formula to
M?2

2
non-forward angles is given by a slowy varying form-factor [W] with M4 = 1GeV. So the
A

cross section has a following form

do G ol=y o 1 [ xiy 2 M3\
drdydt = qn2iT y A 167+ [ Otot (Ew—Ey)] (1+77) m e Fopo(Exr = Ey) (114)

lt| = |(pr — @)*| = (p — q)?, A is a number of nucleons in the nucleus, b is related to nuclear
radius R by
b= %RQ, (R = RoA'3), (115)

and Fjps is a t-independent attenuation factor representing the pion absorption in the nucleus.
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FIG. 2. Inthe top predictions for F, for ep scattering in the original FKR model and in the model of this paper for Q* = 0.225 GeV?
and Q* = 1.025 GeV? are shown. The data is taken from [26]. In the bottom the fractions of the measured strength predicted by both
models are presented.

Graczyk and Sobczyk, Phys.Rev.D77:053001,2008
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